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Method of Processing Glass Fiber Compositions 



We, Hawley Products Company, a 
Corporation organised and existing under 
the Laws of the State of Delaware, United 
States of America, whose post office 
5 address is St. Charles. State of Illinois, 
United States of America, do hereby declare 
the invention, for which we pray that a 
patent may be granted to us, and the 
method by which it is to be performed, to be 
10 particularly described in and by the follow- 
ing statement: — 

This invention relates to composiUons 
containing glass fiber materials, to products 
made therefrom and to a wet processmg 
15 method for the manufacture of new accreted 
articles. ^ ^ , 

It has long been recognised that glass 
fibers have certain properties which make 
them especially suitable for use in molded 
20 products in which it is desirable to have high 
flexural strengths and high impact strengths. 
Glass fibers are extremely strong when 
pulled longitudinaUy and they have excep- 
tional resistance to heat and corrosive 
25 atmospheres. 

In commercial practice, glass fibers are 
usually processed in a dry way, for example, 
by air felting. Such air felted materials can 
be impregnated with resins and molded to 
SO fM-oduce various kinds of articles. Dry felt- 
ing has many disadvantages such as the 
requirement for precaution against hazards 
to workers caused by airborne fine glass par- 
ticles, difficulty in controlling the density of 
35 the air felled article and non -uniformity. 
Although wet felting of glass fibers has been 
suggested in the art, the suggested pro- 
cedures have not given the desired results. 
Ordinary glass fibers when compounded 
40 in the manner employed in paper and pulp 
IPr 



making tend to form an unworkable mass. 
Bundles of glass fiber filaments such as have 
been used heretofore in the textile and 
plastic industries tend to pull apart in water 
into fine glass fibers which form soggy. 45 
cottony masses that are unsuitable fc«r wet 
felting or accretion on to porous formers. 
Flat pads made from such glass fibers by 
wet felting methods have insuflScient wet 
strength to enable them to be removed from 50 
the felting apparatus and insufficient dry 
strength to enable them to be impregnated 
with a resin and molded into a desired 
object. . 

In our co-pending British application, 55 
No. 29610, filed November 24/1952, 
Serial No. 723,955, we have described 
certain wet processing methods for manu- 
facturing fiber glass-containing compositions 
which depend upon the use of glass filament 60 
bundles precoated with a sufficient amount 
of a water insoluble coating material that 
they will not come apart in water readily 
and are still flexible. 

One of the objects of the present invention 65 
is to provide a wet felting process utilising 
the ordinary glass filament bundles or rov- 
ings of commerce. 

Another object is to provide a new im- 
proved method of preparing glass fiber con- 70 
taining preforms which have sufficient wet 
strength to permit their removal from a 
porous form while still wet 

An additional object is to provide a new 
and improved method of preparing a glass 75 
fiber containing contoured preform by wet 
processing methods such that the resultant 
article when dried has sufficient dry strength 
that it can be impregnated with resins and 
will withstand the mechanical action of 80 
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molding dies without tearing during the 
closing of the dies. 

A further object is to provide a simplified 
method for wet processing glass fibers. 
5 A still further object is to provide a new 
and improved method for incorporating 
resins with glass fibers. 

Another object of the invention is to pro- 
vide new and improved felted compositions 
10 and molded articles which contain glass 
fibers. 

A further object of the invention, is to pro- 
vide new and improved glass fiber- and 
resin-containing felted articles. 

15 Still another object of the invention is to 
provide nev/ and improved glass fiber- and 
resin-containing felted and molded articles. 
Other objects will appear hereinafter. 

In accordance with this invention we have 

20 found that new and improved results in the 
wet processing of glass fibers for use in mak- 
ing sheets and molded articles having sub- 
stantial wet strength and high flexural 
strength can be obtained by mixing cut 

25 bundles or rovings of glass filaments in 
water with a fusible, uncured or in- 
completely cured, thermosetting resin hay- 
ing an affinity for the glass, substanUally 
curing the resin on the glass fibers in the wet, 

30 and feltine or accreting sheets or contoijcd 
articles from the resultant mixture. The 
resin should be added to the water before 
the glass fibers or a sufficiently short time 
thereafter that the glass * filaments do not 

35 come apart to a fluffy mass! _ ^ ^ 

The glass fiber ordinarily used for re- 
inforcing plastics and the like is m^de from 
glass filaments approximately 0.00038 inch 
in diameter. About 204 of such filaifleots 

40 are collected in a bundle. A roving consists 
of about 60 such bundles. For the purpose 
of the present invention, such bundles or 
rovings are cut into lengths of about i inch 
to 6 inches. As stated above, these bundles 

45 or rovings have many excellent prop^es. 
but they have never been suitable for wet 
processing up to the present time. When 
these thread-like glass filament materials are 
cut and placed in water, they tend to fall 

50 apart and to separate into individual fila- 
ments. This tendency is much greater if the 
glass fibers are beaten in paper and pulp 
handling aK>aratus. However, if an 
uncured resin having an affinity for the glass 

55 is added before the bundles come apart it- 
will adhere to the bundles and prevent their 
disintegration. 

The uncured resin, for example, a thermo- 
setting polyester resin is relatively tacky. A 

60 sheet or article formed by wet felting or 
accretion out of the resultant fibrous mixture 
also contains a tacky resinous surface coating. 
In some cases this is desirable but where the 
piece is subsequentiy molded we have found 

65 that exceptionally good results are obtained 



by substantially curing the resin on the fiber 
in the wet before felting or accreting the 
fibers into the desired article. This furnish 
keeps well in the felting tank. 

If the resin used is a polyester resin, cur- 70 
ing in the wet can be effected by heating the 
resin-fiber mixture to a temperature at or 
above 120 'F.. preferably 160' to 212 F. 
This procedure is an important feature of 
the invention. 75 

Thermosetting polyester resins are cured 
in the presence of an oxygen supply catalyst* 
e.g.» benzoyl p^oxide. An optional but 
important feature of this invention is the 
introduction of air or other catalyst destroy- 80 
ing agent during the curing of the resin 
coated fiber in the wet in order to destroy 
the catalyst at the surface of the resin coated 
fiber leaving a sticky unset surface layer. 
This procedure is especially desirable where 85 
the resultant felted or accreted material or 
article is impregnated with additional 
quantities of an uncured thermosetting poly- 
ester resin and then molded. The sticky sur- 
face layer makes it possible to bond to the 90 
subsequentiy applied impregnating resin and 
increases the fiexural and impact strengths 
of the molded impregnated article. The 
catalyst in the subsequently applied impreg- 
nating resin will cause this stidky layer togs 
cure ultimately. 

The characteristics of the resin-glass fiber 
material can be varied by varying the 
quantity of resin added to the glass fiber 
material in the wet. We have found, for 100 
example, that an increase in the quantity of 
the resin incorporated with the fiber material 
tends to produce an agglomeration of the 
glass fibers. With a_wei|:Ht' ratio of resin to 
total fiber of 2 : 5 (2iS.5 % by weight resin) a 105 
heavy agglomeration of the glass fibers is 
obtained. When a felting composition of 
this type containing, say, 30% resin lOid 
70% of total fibers is used for the 
accretion or felting of preforms lio 
f<dloWed~ by resin impregnation of the 
preform and molding unusual and striking 
results are obtained in the final product. If 
a smaller amount of resin is employed, for 
example, 16.6% by weight of resin or a 115 
weight ratio of resin to total fiber of 1:5a 
medium agglomeration of the glass fibers 
occurs. By using a still smaller amount of 
resin, say, 9% by weight of resin or a weight 
ratio of resin to total fiber of 1 : 10 it is pos- 120 
sible to obtain a very light agglomeration 
and a rather even distribution glass fibers 
in the felted or accreted preforms. In general 
the amount of resin added to the fibers in the 
beater should be at least 5 % and not exceed- 125 
ing 50% by weight of the total fibers. 

By employing the felting compositions of 
the present invention a wide variety of end 
products can be prepared. Felted or 
accreted sheets or articles can be made 130 
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entirely from the cut glass fibers or bundles 
of such fibers treated with a resin in the wet, 
felted or a ccreted to the des ired form out of the 

_ felting bath then dried and molded. We have 

5 found it to be desirable to incorporate into 
the felting composition a substantial quan- 
tity of finer water-weltablc fibers other than 
the cut glass filament bundles. The incor- 
poration of these additional fibers has the 

10 advantage of imparting a substantial wet 
strength to the products made from the felt- 
ing composition so that they can be removed 
from the former without tearing. These 
additional fibers also impart a substantial 

15 dry strength to the felted product so that it 
can be impregnated with a resin and molded 
between molding dies without tearing at the 
surface during the closing of the molding 
dies. We prefer to employ a weight ratio 

20 of cut glass filaments to other finer water- 
wettable fibers within the range of 9 : 1 to 
1 :9 and preferably within the range of 9 : 1 to 
4:1. 

The mixing of the fibers and resin with 

25 water is carried out in a breaker or beater 
capable of agitating and dispersing the fibers 
in the mixtures. The consistency will vary 
depending upon the product which is to be 
made from the felting composition but is 

30 preferably within the range of 4% to 6% by 
weight of fiber and in most cases we prefer 
to use a consistency around 2% to 3% of 
total fiber on the weight of the water. The 
fibers must be beaten until the cut glass fila- 

35 ments are thoroughly distributed in the mix- 
ture. It is undesirable, however, to open up 
the fibers too much. An empirical test 
which we use to determine the amount of 
beating is to felt a fiat pad 8 inches in dia- 

40 meter from 50 grams of the fiber. If the 
fiber is beaten too much the felted pad when 
dry will be fluffy and will be characterised 
by an uneven thickness or cross-section of as 
much as i inch. Where the proper amount 

45 of beating has been effected the cross-section 
will not average more than i to i inch. In 
general, beating the cut glass filaments from 
i minute to 2 minutes is sufficient for the 
purpose of the invention. The cellulose 

50 fibers may take longer opening or beating. 
The product which is obtained by felting 
an article out of the fehing bath is referred 
to herein as a "preform." This preform 
may be a sheet or a contoured article. For 

55 some purposes the preform may be used as 
such. However, it is usually desirable to 
impregnate it with a resin such as. for 
example, a polyester resin and then to mold 
the product between dies in a suitable press 

60 at temperatures and for a period of time 
sufficiently long to cure the impregnating 
resin. The quantity of the impregnating 
resin may vary but good results are obtained 
by employing a weight ratio of approxi- 

65 mately 1/5 to 2 parts of resin to 1 part of 



preform. The impregnation of a pceiorm 
with a resin is not novel per se and has been 
ussd heretofore in making articles from air 
felted glass fibers. It should be noted, how- 
ever, that when preforms are made by wet 70 
processing methods as described herein they 
readily absorb the resin and the final pro- 
duct has good physical characteristics. If 
polyester resins are employed the tempera- 
ture in the press may vary within the range 75 
of 220' to 270 F. A period of about 2-5 
minutes at these temperatures is usually 
sufficient to cure the resin. The pressure can 
be anywhere from 0 to 2000 pounds per 
square' inch and upwards. In low pressure 80 
molding operations the pressure required 
to close the press will usually not exceed 
200 pounds per square inch. In order to 
produce a product high in glass fiber and 
low in resin (e,g.. 25% resin), pressures from 85 
IGOO to 2000 pounds per square inch and 
even higher pressures can be employed. 

The invention will be further illustrated 
but is not limited by the following Examples 
in which the quantities are stated in parts 90 
by weight unless otherwise indicated. 
Example I 

The following ingredients were dispersed 
in 2 gallons of water at 120'F. in the order 
given : 95 

10 grams caroa fiber. 

20 grams polyester resin (Laminae flexible 
polyester PDL 7-663 catalysed with 
1 ^-o benzoyl peroxide). 

40 grams l inch cut glass fiber roving. 100 

A heavy agglomeration of the glass fibers 
was obtained. The mixture was agitated 
and the water temperature was brought to 
ISO^'F. and the agitation continued until the 
fiber was no longer sticky, indicating that 105 
the resin had been cured. 

A preform felted from this bath contains a 
very heavy agglomeration of glass fibers and 
is suitable for impregnation with a thermo- 
setting resin, such as a polyester resin, fol- no 
lowed by molding. 

Example II 

To 2 gallons of water at a temperature of 
120*F. there were added the following 
ingredients in the order named : 115 

10 grams caroa fiber. 

40 grams i inch cut glass fiber roving, and 
after i minute of strong agitation 

10 grams of the resin described in 
Example I. 120 

Medium agglomeration of the glass fiber 
was observed. The water temperature was 
brought to ISO'F. and agitation was con- 
tinued until the fiber was no longer sticky. 

A preform felted from this composition is 125 
suitable for further impregnation with a 
resin followed by molding. 

Example III 

To 2 gallons of water at 120'F. there were 
added in the order named : 130 
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10 grams caroa fiber. 

40 grams 1 inch cut twisted glass roving,^ 

and after ^ minute agitation 
5 grams resin of the type described in 
5 Example 1. 

The tendency for the glass to agglo- 
merate was very slight. The water , tem- 
perature was brought to 180'F. and the 
mixture was agitated until the fiber was no 
10 longer sticky. 

Preforms felted or accreted from this com- 
position are suitable for impregnation with 
thermosetting resins followed by molding. 
Example IV 
15 To 2 gallons of water at 120"F. there were 
added in ^e order named: 
5 grams caroa fiber. 

45 grams twisted glass fiber roving, and 
after ^ minute agitation * 
20 5 grams of resin of the type described in 
Example I. 
The water temperature was brought to 
180'F. and the mixture was agitated until 
the fiber was no longer sticky, indicating that 
25 the resin had been substantially cured. This 
felting composition is suitable for making 
preforms by felting them in sheets or accret- 
ing them on contoured forms. Such preforms 
are easily impregnated with polyester resins 
30 and the impregnated products are suitable 
for molding. The preform described in 
Example IV is softer and more easily 
impregnated than that described in Example 
III. 

35 Example V 

The procedure described in Example IV 
was repeated using 2 minute agitation of 
the fiber. This allowed further opening of 
the glass fiber and it was observed that the 

40 packing density was being lost: Samples of 
the composition were felted and it was found 
that they were becoming lumpy. 

Examples I to V show that the agglomera- 
tion of the glass can be controlled by con- 

45 troUing the quantity of the resin added to the 
bath. This is important in making manage- 
able felts, decorative effects and in producing 
[H'oducts having a desured impact strength. 
In Example I agglomeration is accentuated 

60 by using a large amount of resin which con- 
tacts the glass immediately on its entry into 
the water. In the other Examples the glass 
was allowed to partially open or separate 
before being frozen in position by the resin. 

55 Example V results in too much separation 
of the glass filaments from the bundles to 
make a good pulp molded preform but the 
product can be used in paper machine opera- 
tion. In all of these Examples when the 

60 glass fibers in the preforms are pressed at 
the end the fibers do not fan out into fila- 
ments as is the case with improtected glass 
fibers. The first sign of over-separation of 
the glass is the production of a v^ thick 

65 preform which in this series would be at 



least i inch for a 50 gram sample of fiber 
made into-an-8 -inch-diameter-pad. Even 
the lightest resin treatment as in Example 
IV, permanently restrained this. 

Example VI 70 
3 pounds of refined caroa fiber were 
opened in ISO gallons of water at 120'F. and 
4 pounds of Sdectron 5208 polyester resin 
were added to which had been previously 
added 150 grams of Selectron 5554 blue 75 
paste. This is a flexible variety of resin 
catalysed with about 1% benzoyl peroxide. 
The blue paste is an oil soluble or dispersed 
color. 

15 pounds of 1 inch cut glass fiber rovings 80 
were now added and the water brought to 
180**F. and held there for 20 minutes until 
the fiber no longer felt sticky. The stock 
was dispersed in a felting tank at J% con- 
sistency and felted according to the usu^ 85* 
pulp molding technique. 

Articles felted out of this felting composi- 
tion were dried by drawing hot air through 
them and impregnated with Selectron 5003. 
a relatively rigid or non-flexible polyester 90 
resin, in proportions of 2 parts of resin to I 
part dry weight of preform. The resultant 
impregniated articles were then molded at a 
pressure of 200 pounds per square inch at a 
temperature of 250°F. for 5 minutes. The 95 
molded product showed a flexural strength 
of 16,000 pounds per square inch and an 
impact strength of 30. notched Izod. 
Example VII 

The procedure was the same as in 100 
Example VI except that Laminae PDL 
7-663 was used as the treating resin instead 
of Selectron 5208. After the stock had been 
in the felting tank two days, a test piece was 
made which showed an impact strength of 105 
17.3 and a flexural strength of 27,600 pounds 
per square inch. After five days the impact 
strength was 18.1 and the flexural strength 
25.300 pounds. The felted preforms were 
smooth and of good finish. The resin color 110 
goes entirely on the glass fiber, giving the 
final product an interesting pattern. 
Example vni 

10 parts of refined caroa fiber were opened 
in a beater for 10 minutes at 120*F. then I15 
mixed with 40 parts of i inch twisted glass 
cut rovings and 5 parts of Selectron 5208 
containing about 10% of Selectron 5554 
blue paste. About 2% of alum based on the 
total weight of fiber was added to this com- 120 
position. Before the alum addition the color 
adhered to the glass. After the alum addi- 
tion it dispersed throughout the fiber, mak- 
ing a more uniformly colored iH"oduct. 

Example IX 125 

100 grams catalysed Selectron 5003. 

10 grams Vinylite (Registered Trade 
Mark) SYHM (20% solution). 

100 cc. water 
was emulsified imder a colloid mill. This 130 
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was then poured into 20 gallons of water at 
120**?., and with good stirring 500 grams 
- \ inch -twisted glass cut rovings was added. 
The resin went on the jglass very rapidly 
5 without addition of precipitant. The fiber 
became sticky and it was observed, on fur- 
ther stirring, that the filaments had little or 
no tendency to unwrap. Where before the 
glass had made a weak felt which could not 

10 be removed from the feltcr. it now produced 
an 8 inch diameter test pad (50 grams dry) 
which pulled 3 pounds immediately after 
being formed (3 inch clips on opposite sides 
of the pad). On drying at 250'F., impregna- 

15 tion and molding, it was observed that there 
was enough strength to prevent tearing dur- 
ing closing of the die. Test: Impact strength 
8.2, Flexural strength 28,000 lbs. per square 
inch. 

20 In Example IX the fiber was sticky 
enough to be hard to handle. This stickiness 
was found to be controllable by several 
methods, e.g., presence of fines such as 
asbestos or caroa fiber (10% and above). 

25 lowered temperatures, use of less resin, pig- 
mentation of the resin as with clay or chalk 
and finally soluble di or trivalent positive 
ions. 

The method, however, consisted in heating 
80 the stock until the resin cured. This took 
10 to 20 minutes at ISO^F.. and could be 
easily followed by pressing a handful of the 
stock to observe the disappearance of sticki- 
ness. This treatment is preferably carried 
85 out with air bubbling through the stock to 
destroy the peroxide catalyst at the resin 
surface, assuring bonding in the subsequent 
resin treatment and molding. 

Example X 
40 20 pans caroa fiber was opened in water 
under a high speed mixer at; 
120*F. To this were then added simul- 
taneously; 

20 parts 1% benzoyl peroxide catalysed 
45 Selectron 5003, colored red with an 

oil dispersed pigment; and 
80 parts J inch cut glass roving with agita- 
tion in enough water to produce a 3% 
consistency (97 parts water, 3 parts 
50 fiber) and the temperature was held 
at 190'F. until the fibers were no 
longer tacky. 
It was observed that for 2 minutes the 
colored resin was associated with both glass 
55 and caroa and then it went entirely on the 
glass. A tray preform was accreted from 
the resultant felting composition and oven 
dried. 

Dispersion of the stock was excellent, and 
60 there was no tendency for the glass fibers to 
separate; the tiny filaments were encased in 
the sticky resin. As mixing was continued, 
agglomerates of approximately 3 glass fibers 
appeared and persisted. These produced a 
65 novel and decorative effect in the final piece. 



After curing and on drying,, impregnating 
with 2 parts by weight of Selectron 5003 con- 
taining 1 % benzoyl peroxide' and molding 
at 200 pounds per square inch into a tray, 
the following properties were obtained: 70 
Flexural. strength 20,000 psi. impact strength 
16, notched Izod. 

Example XI 

The procedure of Example XIII was re- 
peated giving the mixture 45 minutes agita- 75 
tion. On drying, impregnation and molding 
as described in Example X the impact 
strength was found to be 12 and the flexural 
strength 18,000 psL An examination of the 
stock showed very few free filaments. 80 
Example XII 

10 grams caroa fiber was opened in; 

2 gallon of water at 180"F.; and 

10 grams of catalysed Selectron 5208 (a 
flexible type polyester) was added. 85 
Air was swept through the stock. 

40 grams i inch cut bundles of glass fibers 
was now added, and after 3 minutes agita- 
tion the stock was felted. After drying, 
impregnation with 2 parts of Selectron 5(X)3 90 
per part of dry preform, and molding at 
200 psi the flexural strength was 25,000 psi 
and the impact strength 21.7. The flexible 
polyester gave less fiber agglomeration and 
a smoother felt. 95 
Example XIII 

Five grams of caroa fiber was opened in 

2 gallons of water at nO^F. To this were 
added 45 grams of V inch cut fiber glass rov- 
ing and at the same time 10 grams of a 100 
mixture consisting of 1 part American 
Cyanaraid Melmac 2458 (50% solids) and 

3 parts Rohm & Haas Duraplex (Registered 
Trade Mark) C-55-A (70% solids). The 
mixture was agitated while heating to 200''F. 105 
and then stopped tor a dwell for 2 hours at 
this temperature. The fibers were observed 

to keep their form without separation or 
agglomeration. An eight inch diameter pad 
was then felted from this mixture and the 110 
strength thereof ^as measured by pulling it 
apart with a standardised apparatus having 
a pair of 3 inch clamps which grip the pad 
leaving a 6 inch space between the clamps. A 
breaking pull was exerted on the clamps, 115 
and was measured in terms of the pounds 
necessary to pull the pad apart. The pad was 
found to pull 3 pounds in the wet. It was 
oven dried, impregnated (2 parts of resin per 
part of pad) with Laminae PDL 7-663 cata- 120 
lysed with 1% benzoyl peroxide, and 
molded at 200 pounds per square inch. The 
flexural strength of the molded product was 
9500 pounds per square inch and the impact 
value was 10, notched Izod. 125 

In this Example the Duraplex resin is a 
drying alkyd resin made by cooking phthalic 
anhydride, glycerine and castor oil. The 
Melmac 2458 is a butylated melamine resin 
capable of setting the Duraplex alkyd resin. 130 
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EXAMPLE^Xiy 

Five grams of envelope clippings were 
opened in 2 gallons of water by beating for 
15 minutes at 120^. Then 45 grams of 
5 4- inch cut fiber glass rovings and 5 grams 
of Selectron 5003 resin catalysed with 1% 
benzoyl peroxide were added. Heating and 
agitation were continued imtil a temperature 
of 160'*F. was reached. The pad was felted 

10 and observed to have the fiber bundles in- 
tact The wet pull according to the procedure 
previously described equalled 4 pounds. 
After oven drying the pad was impregnated 
with Laminae PDL 7-663 as in Example 

15 XIII and molded at 200 pounds per square 
inch. The flexural strength of the molded 
product was 25,000 pounds per square inch 
and the impact strength 16. 

Example XV 

20 Thirty-five grams of northern Icraft were 
opened by beating in 2 gaOons of water at 
120"F.Ten grams of Selectron 5003 catalysed 
with 1% benzoyl peroxide, 15 grams of IJ 
inch cut fiber glass roving and 15 cc. of 3% 

25 hydrogen peroxide were then added. • The 
temperature was raised to 160''F. and 25 
grams of 50% polyvinyl acetate emulsion 
was added. The mixture was agitated and 
after 5 minutes the stock was chilled by dDu- 

30 lion and -20 cc. of a 10% melaniine wet 
strength resin (a melamine-formaldehyde 
resin of the type that is used to impart wet 
strength to cdlulose fibers) were added. The 
stock was felted into a preform and the 

35 resultant preform was die dried in vented 
dies heated to 300 'F. The flexural strength 
of the resultant product was 16,000 pounds 
per square inch and the impact value was 14, 
notched Izod. 

40 In this Example the hydrogen peroxide 
acts similarly to air in inhibiting or destroy- 
ing the catalyst at the surface of the resin 
fiber composition. Other water soluble per- 
oxides such as sodium peroxide and the in- 

45 organic per- compounds, including sodium 
persulfate, sodium perchlofate, sodium per- 
borate, ammonium persulfate and potassium 
persulfate can be similarly employed. 
Example XVI 

50 Five- grams of caroa fiber were opened by 
beating in 2 gallons of water at 120*F. for 10 
minutes. To this was added 10 grams of 
butylated melamine resin consisting of 50% 
melamine resin dissolved in a mixture of 

55 butanol and toluene and 11 grams of IJ inch 
cut fiber glass rovings. Thirty-one grams of 
kraft and 3 grams of rag were separately 
opened by beating for 3 to 30 minutes and 
added to the foregoing mixture. The tem- 

60 perature of the resultant mixture was raised 
to 160'*F. with agitation for 5 minutes. 30 
grams of a 50% polyvinyl acetate emulsion 
were added with 20 cc. of Parez 607 (a 10% 
solution of a melamine wet strength resin). 

65 A pad was felted out of the resultant felting 



composition and die dried jit 100 psi steam 
pressure for 5 minutes. The resultant die 
dried piece had a flexural strength of 14.000 
pounds per square inch and an impact value 
of 14. notched Izod. 70 

From the foregoing Examines it will b^ 
apparent that although the invention is con- 
cerned primarily with the making of preforms 
from glass fibers in the wet the advantages 
are often measured by the results obtained 75 
when the preform is impregnated with addi- 
tional, quantities of resin and molded. In 
other words, due to the manner in which the 
preform is made improved results are also 
obtained in the resin impregnated molded 80 
products. 

As noted in Example IX, where the pre- 
form is subsequentiy impregnated with an- 
other resin, for example, a polyester resin, 
it is desirable to preserve an uncatalysed sur- 85 
face which will bond with the impregnating 
resin. Although this is preferably accom- 
plished by passing air through the feUting 
composition during the partial curing of the 
resin in the felting bath, we have also been 90 
able to accomplish the desired result by 
adding some uncatalysed polyester resin to the 
felting bath just before felting in order to 
accentuate the tacky surface. This is 
especially desirable where the resultant pro- 95 
duct is to be impregnated and then molded. 
It is not as important where the resultant 
preform is die dried. The quantity of the 
uncatalysed polyester resin added for this 
purpose is usually within the range of 1% lOO 
to 5% by weight of the total fiber. 

The invention is not limited to the 
employment of a particular kind of resin 
either in making the preform or in the sub- 
sequent impregnation step, except that the 105 
resin used in making the preform should 
have an afiinity for the glass. In making the 
felting composition, however, especially 
good results have been obtained by employ- 
ing thermosetting polyester resins which are no 
flexible. In the subsequent impregnation 
step good results are also obtained by 
employing thermosetting polyester resins 
and in this step the resins may be rigid or 
may be mixtures of flexible and rigid resins. 1 15 
Rigid resins can also be used in preparing 
the felting compositions. Particularly where 
the preform is die dried we have obtained 
good results from using rigid resins in the 
beater, 120 

The polyester resins are well known. 
These resins are made by reacting a poly- 
hydric alcohol with a polybasic acid or 
acid anhydride. Usually at least a portion 
• of the acid component is maleic anhydride. 125 
The polyhydric alcohol-polybasic acid com- 
position is added to 10 to 40% by weight of 
a monomeric aryl vinyl compound, such as 
styrene. For example, a relatively rigid or 
non-flexible resin can be prepared by re- 130 
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acting 2 moles of ethylene glycol with 1 mole 
of phthalic anhydride and 1 mole of maleic 
— anhydride-for-'2-to-4-hours-at-a-temperature-- 

of 260" C. in an inert atmosphere such as 
5 nitrogen, carbon dioxide or illuminating gas 
and then adding to the resultant product 10 
to 40% by weight of monomeric styrene. 
The resin in this form is liquid and usually 
has an acid number around 10 to 50. When 
10 this liquid resin is heated with a curing cata- 
lyst a solid, infusible resin is formed. 

Suitable catalysts are the organic per- 
oxides which are soluble in the hydrophobe 
or resin phase, e.g., benzoyl peroxide, acetyl- 
15 benzoyl peroxide, cumene hydroperoxide, 
para tertiary butyl perbenzoate, and other 
oil soluble oxygen supplying catalysts. 

In order to produce flexible thermosetting 
polyester resins higher molecular weight 
20 polyalkylene glycols, e.g.. polyethylene gly- 
col 200, polyethylene glycol 400, poly- 
oxypropylene glycols and mixed polyoxy- 
ethylene-polyoxypropylene glycols are sub- 
stituted for the ethylene glycol. 
25 Instead of styrene other monomeric aryl 
compounds having an unsaturated side chain 
can be employed, e.g., vinyl toluenes, vinyl 
. naphthalenes, vinyl ethyl benzenes, alpha 
methyl styrene. vinyl chlorobenzenes, vinyl 
30 xylenes, divinyl benzene, divinyl toluenes, 
divinyl naphthalenes. divinyl xylenes, 
divinyl ethyl benzenes, divinyl chloro- 
benzenes, divinyl-phenyl vinyl ethers and 
diallyl phthalate. Lower boiling monomers 
35 such as vinyl acetate usually are not satis- 
factory because the reaction which takes 
place when the resin is cured is very 
exothermic and the heat would drive off low 
boiling monomers. 
40 Some thermosetting resins are com- 
pounded with driers such as lead and cobalt 
salts of 2-ethyl hexoic acid, oleic acid, 
naphthenic acids, and other carboxylic acids. 
For the purpose of the present invention it 
45 is preferred that the resin which is employjsd 
in the wet processing of the fiber material 
be &ee such driers. 

The glass fiber bundles can be pretreated 
with substances which increase their affinity 
50 for resins as, for example, stearato chromyl 
chloride and vinyl trichlorosilane. 

It is also common practice to coat glass 
fiber rovings with polyyinylacetate in small 
amounts and the invention contemplates the 
55 use of such fibers as starting materials. The 
fiber glass rovings used in some of the 
Examples fall in this category. The coating 
increases the affinity of polyester resins for 
glass fibers. 

60 As previously indicated, it is desirable in 
order to improve the wet strength of the 
preform to incorporate with the glass fibers 
a substantial quantity of finer fibers such as. 
for example, envelope clippings, refined rag, 

65 kraft, cotton linters, caroa and other cellu- 



lose fibers. Caroa fiber seenas to have 
exceptional properties in distributing the 
-glass-fibers throughout the preform. • Caroa 
is a Brazilian pineapple fiber and for the 
purpose of the invention is preferably sub- 70 
jecied to a hammer mill and bleaching 
operation before use. 

We have been able to obtain excellent 
results by employing a fine glass fiber 
material in conjunction with the cut fiber 75 
glass bundles. The glass material which we 
have found to be particularly effective has a 
diameter of 0.00003 inch and below. Other 
glass fibers which can be used are those hav- 
ing an average diameter from 0.00003 to 80 
0.00006 and those having a diameter from 
0.00006 to 0.00001. These fine diameter 
glasses are available commercially and are 
used for insulation but are not recommended 
for plastic reinforcement due to their 85 
fragility and hydrophilic nature.* They are 
of value for the purpose of the present in- 
vention because of the high wet strength 
which they confer on a freshly formed web 
or felt especially where the teachings of the 90 
invention are employed in paper making. 
Their use also makes it possible to make an 
article in which the fiber structure is entirely 
glass. As .a result, many novel effects can 
be produced in the appearance of the article. 95 

Other fibers such as asbestos can also be 
employed in conjunction with the cut glass 
filaments. 

The fusible resin which is added to the 
fiber during the wet processing should pre- 100 
ferably have a viscosity within the range of 
100 centipoises to 2000 centipoises. How- 
ever, resins having a greater viscosity can be 
used by diluting them with a solvent such as 
methyl ethyl ketone. Very low viscosity 105 
resins can also be employed by controlling 
the heating of the felting composition to 
thicken the resins in situ. 

In order to color or dye the fibers of pre- 
forms made in accordance with the present 110 
invention the fibers may be treated with a 
mordant such as the stearato chromyl 
chloride previously mentioned or with alum 
or other mordants and a basic dye can be 
incorporated into the felting composition. 115 
Example of such dyes are auramine. basic 
brown B, safranine T Extra Cone, fuchsine, 
rhodamine B Extra, methyl violet S Cone, 
methylene blue ZX, Victoria pure blue 
B.O and Victoria green, S.C. 120 

The glass fiber compositions can also be 
colored by coloring the resin with an oil 
soluble color or with an insoluble pigment, 
for example, titanium dioxide, calcium car- 
bonate, or any of the phthalocyanine pig- 125 
ments. 

Heretofore attempts to use wet processing 
methods with glass fibers have resulted in 
very weak wet prefi^rms as well as weak dry 
preforms. The fibers come unwrapped into 130 
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filaments filling the tanks with unmanage-_ 
able, cottony masses which show a great 
drop of impact strength in the finished piece 
_ and the preforms are quite lumpy. Lumps 
5 in the preforms cause extra pressure at that 
point during molding which expels the resin 
and gives starved spots. These difficulties 
have been overcome by the present inven- 
tion. 

10 The invention provides a method of pre- 
venting the filament separation of cut glass 
fiber rovings in the wet. It also provides a 
method of agglomerating the cut glass fiber 
rovings for decorative effects. Additionally 

15 it jTOvides a method for improving the wet 
strength of glass fiber preforms. It also pro- 
vides a method of improving the dry 
strength of glass fiber preforms. The wet 
processing of the ^ass fibers as described 

20 herein makes it possible to produce preforms 
in which the fibers are well packed. The wet 
processing of the glass fiber with coloring or 
opacifying agents makes it possible to pro- 
duce unique decorative effects. The wet pro- 

25ce5sing procedures herein described also 
lower the incidence of starved areas and 
result in the production of smooth preforms. 
By the practice of the present invention it is 
also possible to produce high finish fiber 

30 glass articles in which the glass does not 
show. 

As will be apparent the invention provides 
new and useful products composed of hyd- 
ratable fibers such as cellulose and non- 
35 hydratable glass fibers. Not only flat sheets 
but also molded products such as portable 
typewriter cases, projector cases, radio, 
television and phonograf^ cabinets and 
housings, drawers, baby carriage bodies. 
40 sleds, hobby horses, and luggage can be 
made from the products of the invention. 

The invention is particularly valuable in 
providing radio speaker diaphragms of 
improved dimensional stability and tonal 
45 quality. 

Filters of all shapes and sizes, including 
tubular filters can be prepared by the prac- 
tice of the invention and are suitable for 
filtering oil. water, and other liquids. 

50 Although the felting compositions of the 
present invention are primarily intended for 
forming preforms by water laying as on a 
paper machine or by accreting as by suction 
of the fibers against a porous former it will 

55 be understood that these felting composi- 
tions can also be used in pressure felting pro- 
cesses where the felting composition is 
injected under pressure into a porous mold 
or form. 

60 Products can be obtained by impregnating 
a felted material preform produced by the 
method disclosed hereinbefore with a fusible 
resin capable of being cured to an infusible 
state and subjecting the impregnated pro- 

65 duct to drying. 



The: term "water wettable hydratable 
"fibers " refers to fibers that swell or hydrate 
in the presence of water and includes cellu- 
lose fibers, asbestos fibers, and very fine 
glass fibers of the type previously described. 70 
These fibers are capable of imparting wet 
strength to the preform and the product con- 
taining cut bundles of resin coated glass 
fibers distributed through the finer fibers also 
has substantial dry strength. 75 

The term " fusible is used herein to des- 
cribe an uncured or incompletely cured 
resin (either solid or liquid) which has not 
been thermoset, as distinguished from a 
cured resin which is infusible and does not 80 
soften or flow when heated. 

What we claim is: — 

1. A method of preparing compositions 
containing glass fibers which comprises mix- 
ing cut bimdles of glass filaments in water 85 
with a fusible resin capable of being cured 
to an infusible -state and having an affinity 
for said bundles of glass filaments, said resin 
being added to the water before or shortly 
after the addition of the glass filament 90 ' 
bundles to keep the bundles of glass fila- 
ments from disintegrating completely into 
individual filaments, and substantially cur- 
ing said resin on said glass^filaniept^ while 
the mixture is still' in the wet state. """'"95 

2. A method as claimed in Claim 1, 
characterised by said resin amounting to 
5% to 50% by weight of the glass filaments. 

3. A method as claimed in either of 
Claims 1 or 2, characterised by mixing finer 100 
water wettable hydratable fibers with said 
cut bundles of glass filaments in the water in 

a weight ratio within the range of 9 : 1 to 
1 : 9, said finer fibers being capable of 
imparting additional wet strength to a pre- 105 
form made from the resultant composition. 

4. A method as claimed in either of 
Claims 1 or 2. characterised by mixing in 
water finer cellulose fibers with said cut 
bundles of glass filaments in a weight ratio 110 
within the range of 9 : 1 to 1:9. said resin 
being a thermosetting fusible polyester 
which forms a flexible resin when cured, 
said curing being accomf^ished by heating 
said mixture. 115 

5. A method as claimed in any of Claims 
1 to 4. characterised by felting a product 
from the resultant mixture. 

6. A method as claimed in Claim 5, 
characterised by drying said felted product. 120 
impr^nating said dri^ felted product with 

a second fusible resin capable of being cured 
to an infusible state, and molding the 
resultant resin impregnated product while 
simultaneously curing the impregnating 125 
resin. 

7. A method as claimed in any of Claims 
1 to 4, characterised by accreting a preform 
on to a porous former from said mixture, 
drying said preform and subjecting said pre- 130 
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form to molding pressures. 

8. A method as claimed in Claim 7. 
cl^ilcti^ised by'impregnating"the"dried~pre— 
form with a second fusible resin capable of 

5 being cured to an infusible resin simultane- 
ously with said molding of the resultant 
product and curing the resin therein. 

9. A method as claimed in any of Claims 
1 to 8, characterised by adding a mordanting 

10 agent to said resin-fiber mixture befcMre cur- 
ing said resin on said fibers while the mix- 
ture is in the wet state. 

10. A method as claimed in any of Claims 
1 to 9, characterised by adding to said mix- 

ISture a dye capable of coloring said fusible 
resin. 

1 1. A method as claimed in any of Claims 
1 to 10, characterised by said fusible resin 
being catalysed and treating the resin fiber 

20 mixture to destroy the catalyst at the surface 
of the resin while partially curing said resin 
or said fibers in the wet state. 

12. A method as claimed in any of Claims 
1 to 11 » characterised by said bundles of 

25 glass filaments being cut to lengths averaging 
J inch to 6 inches, said resin being a poly- 
hydric alcohol polycarboxy acid resin con- 
taining maleic anhydride as a part of the 
polycarboxy acid component and containing 

30 10% to 40% by weight of the resin of mono- 
meric styrene together with an oxygen sup- 
plying catalyst, said mixture being heated 
to a temperature within the range of 160**F. 
to 212*F. and bubbling air through said 

35 mixture during said heating, and continu- 
ing said heating and bubbling of air through 
said mixture until the resultant resin coated 
fibers arc substantially cured but only in- 
completely cured at the surface. 

40 13. A felting composition made according 
to the method claimed in any of Claims 4 



to 12 containing cut bundles of glass fila- 
ments and finer water wettable hydratable 
-fibers'in -a~weight-ratio-within the range of 
9:1 to 1:9, said filaments and fibers being 45 
coated with 5% to 50% by weight of the 
total filaments and fibers of a fusible resin 
having an affinity for the bundles of glass 
filaments and which has been substantially 
cured to an infusible state in water. 50 

14. A composition as claimed in Claim 
13, characterised by said water being present 
in an amount sufficient to give a consistency 
within the range of i% to 6% of the total 
weight of fibers. 55 

15. A preform made according to the 
method claimed in any of ClainoLS 3 to 5. 
comprising cut bundles of glass filaments 
having an average length within the range of 
about I inch to 6 inches distributed among 60 
finer water wettable hydratable fibers and 
coated with a resin in a substantially 
infusible state having been cured while in 
water, the weight ratio of said bundles of 
glass filaments to said finer fibers being 65 
within the range of 9:1 to 1:9 and the 
quantity of said resin being 5% to 50% by 
weight of the total filaments and fibers. 

16. A product obtained by impregnating 

a preformed felted material as claimed in 70 
Claim 15, with a second fusible resin capable 
of being cured to an infusible state and sub- 
jecting the impregnated product to drying. 

17. A product obtained by impregnating 

a preformed felted material as daimed in 75 
Claim 15, with a seccmd fusible resin capable 
of being cured to an infusible state and sub- 
jecting the impregnated product to mold- 
ing under heat and pressure while simultane- 
ously ciu-ing said resin. 80 

MARKS & CLERK. 
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